Background: Pathogenic variants associated with hereditary breast cancer have been reported for BRCA1 and BRCA2 (BRCA1/2) genes in patients from multiple ethnicities, but limited information is available from sub-Saharan African populations. We report a BRCA2 pathogenic variant in a Senegalese family with hereditary breast cancer.
for BRCA1 carriers and 69% for BRCA2 carriers. For ovarian cancer the cumulative risk by age 80 years was estimated to 44% for BRCA1 carriers and 17% for BRCA2 carriers [10] [11] [12] [13] . The human BRCA2 gene contains 27 exons, among which exon 11 is the largest. The coding sequence (Refseq transcript mRNA: NM_000059.3) size is 11,386 bp and it encodes a protein of 3418 amino acids (Refseq protein NP_000050) [14] . Genetic variation analysis of BRCA2 has identified a large number of different pathogenic germline variants in breast cancer patients and more than a thousand different disease-causing germline pathogenic variants were listed in the Breast Cancer Information Core Database (BIC; http://research.nhgri.nih.gov/ bic/) and in the ClinVar database (https://www.ncbi.nlm. nih.gov/clinvar/). Most BRCA2 pathogenic variants have been reported in individuals of European and Asian origin while limited information is available on SSA populations [15] [16] [17] [18] [19] . Herein we report a novel pathogenic variant in BRCA2 in a consanguineous family with a family history of breast cancer.
Methods

Study population
A female index case from a family with a consanguineous mating ( Fig. 1) 
BRCA1 and BRCA2 screening
For each participant a 5 ml blood sample was collected in EDTA tubes. Genomic DNA was extracted from whole blood with a QIAamp® DNA blood Mini kit (Qiagen, Hildel, Germany). In the proband from the consanguineous family as well as in the remaining 14 index cases with familial breast cancer, BRCA1 and BRCA2 exons were amplified by PCR with specific primers located in the introns, flanking the intron/exon boundaries. Twenty-eight fragments covering the 22 coding exons of BRCA1 and 32 fragments covering the 26 coding exons of BRCA2 gene were amplified [20] . The large exons 10 and 11 of BRCA2 were amplified as 2 and 9 fragments respectively while exon 11 of BRCA1 was amplified as 7 fragments (see Additional file 1: Tables S1 and S2). PCRs were carried out with initial denaturation at 95°C for 10 min followed by 40 cycles of 95°C for 30s, 55°C for 30s, and 72°C for 30s with a GeneAmp® PCR System 9700 (Applied Biosystems) as described previously [20] . The PCR products were purified with a MinElute 96UF kit and sequenced using a Big Dye terminator V3.1 sequencing kit on a 3730 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). Both forward and reverse strands were sequenced. The sequences were compared to the BRCA2 GenBank reference sequence (NM_000059.3) with Alamut Software. For the control populations (healthy and sporadic breast cancer groups) and healthy relatives of the proband, only the targeted fragment containing the pathogenic BRCA2 variant identified in the proband, was sequenced. DNAs from three healthy relatives were of poor quality and were not sequenced.
Results
No pathogenic variants were identified in BRCA1 in the proband. A BRCA2 pathogenic variant, namely c.5219 T > G; p.(Leu1740Ter) (according to the HGVS nomenclature), was identified in the proband. This variant is located in exon 11 of the gene and is predicted to introduce a premature stop codon at position 1740 of the BRCA2 protein.
The chromatogram is shown in (Fig. 2) . This pathogenic variant was also detected in three sisters and one daughter of the index case (Fig. 1) . The variant was likely transmitted to the index case by her mother (III-2) even though she was not diagnosed with breast cancer, but has a sister who died of breast cancer. The index case's mother in turn would likely have inherited this pathogenic variant from the grandmother (II-1) who's sister died of breast cancer (II-3). Four healthy relatives of the index case had the pathogenic variant and would be at risk of developing breast cancer.
This pathogenic variant was not detected in any participant from the two control groups (healthy and sporadic breast cancer groups). This variant has not been described previously in BIC and ClinVar databases, nor in the literature. Other single nucleotide variants were identified in the index case in different BRCA2 exons ( Table 1) . These variants have been described in the literature and are classified as benign by the expert panel in the ClinVar database and therefore are not pathogenic.
For the other 14 index cases recruited for BRCA1/ BRCA2 genetic testing, we identified a recurrent pathogenic variant of the BRCA1 gene in 6 families out of the 14. No pathogenic variant was detected for the remaining 8 families (data not shown).
Discussion
Breast cancer is the most commonly diagnosed type of cancer in women in the world [2] . The epidemiology in SSA countries is characterized by younger age at diagnosis, triple negative histopathology, advanced clinical stage and poor prognosis [21] [22] [23] . The phenotype of the breast cancer diagnosed in the studied index case matched with this epidemiology. Inherited breast cancer risk is associated to pathogenic variants of two high penetrance susceptibility genes, BRCA1 and BRCA2, yet pathogenic variants in other genes including PALB2, TP53 and PTEN have also been linked with high risk of breast cancer [24, 25] . Pathogenic variants of these genes have been associated with susceptibility to hereditary breast cancer in populations of European and Asian origin [16] [17] [18] [26] [27] [28] [29] while in Africa, most of the available data come from studies conducted among North African, Nigerian, Sudan and South African populations [16, [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] .
Few pathogenic variants of BRCA2 gene have been reported in SSA populations. The BRCA2 pathogenic variants identified in African populations and reported in the literature are summarized in Table 2 . Most causal pathogenic variants have been identified in exon 11 [16, 31, 33, [35] [36] [37] , and are predominantly deletions or duplications. Only a few nucleotide substitutions leading to premature stop codons have been reported. The novel pathogenic variant we identified in this study is a substitution leading to premature stop codon and is located in exon 11 at position 5219.
Although other pathogenic variants surrounding this position of the BRCA2 gene have been reported in the ClinVar database, any pathogenic variant involving the particular codon has been reported in SSA populations (Table 3) . These pathogenic variants lead to stop codons or frameshift at amino acid 1739, 1740 or 1741 of BRCA2 protein.
Several studies have shown that the pathogenic variant spectrum identified in black populations is different from Caucasian populations [19, 29, 47, 48] . The c.2808_2811delACAA pathogenic variant in BRCA2 was frequently reported in European populations [49] , and was reported only once in a young black girl with breast cancer in Ibadan, Nigeria [27] . The pathogenic variant we identified in BRCA2 was detected in one family out of 15 recruited for BRCA1/2 genetic testing, while we identified a recurrent pathogenic variant of the BRCA1 gene in 6 families out of the 15 (data not shown). These observations confirm the diversity of pathogenic variants between populations but also within the same population [19, 37, 50] .
It has also been reported that Fanconi Anemia (FA) is caused by biallelic FANCD1/BRCA2 pathogenic variants [51] . In this family it was unclear whether there was family member with Fanconi anemia like symptoms or early death, or not.
Conclusions
We report a novel pathogenic variant c.5219 T > G p.(Leu1740Ter) in BRCA2 in a consanguineous Senegalese family with a family history of breast cancer. This result highlights the diversity of hereditary breast cancer pathogenic variants and extends the knowledge of genetic susceptibility to breast cancer in Africa. The benefits 
Availability of data and materials
The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request. Confidential patient data are not shared.
Authors' contributions RND conceived and designed the experiments, JPDD and VBHV performed the experiments and analyzed the data, RND and JPDD wrote the manuscript, AD1-DD-MMD-SK, are oncologists and participated in family recruitment, SAB, YD, BM, AT, OF, PAD, HS and AD2 gave advise in manuscript writing. All authors have read and approved the manuscript.
Ethics approval and consent to participate This study was approved by the ethics committee of the Cheikh Anta DIOP University under the following number "Protocol 014/2014 / CER / UCAD". All participants gave their informed written consent before participation in the study. For the deceased patients, the head of the family (Individual IV-15 in the pedigree) gave consent on their behalf.
Consent for publication
All authors have read the manuscript and gave their verbal consent for publication. Each adult participant gave his/her own written consent. For minors and deceased persons, the head of the family (Individual IV-15 in the pedigree) gave consent on their behalf.
